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Abstract 
The present study investigates the development of reading Chinese in school age children 
in Hong Kong. There are basically 2 different theories of reading development in English. 
The Stage theory suggested by Frith (1985) suggested that reading development at single 
word level goes through 3 different stages, logographic stage, alphabetic stage and 
orthographic stage. Goswami (1986) however, suggested that there is no stage in the 
course of reading development. Recent studies (Ho & Bryant, 1997, Shu, Anderson & 
Wu, 2000, Chen 2004) on reading development at character level in Chinese generally 
support the stage theory. Children developed regularity effect in around grade 1 or 2. 
Researchers made use of the change in regularity effect and determined stage exists. In 
the present study, grade 3, 4 and 5 subjects were asked to read aloud Chinese characters 
with different regularity and consistency. Results showed that grade 2 students utilize 
only OPC rule in their reading. Grade 3 students started to use both orthographic analogy 
and OPC rule for their reading. Results seem to suggest that the development is an 
emergence of new skill rather than a replacement of stage or skill. Interaction effect 
demonstrated that orthographic analogy appeared to be dominant over OPC rule.  
3 
Introduction 
There are two theories concerning reading development at single word level in 
English; they are the Three-stage theory (Frith, 1985) and Goswami‟s „stageless‟ 
progressive theory (Goswami, 1986).   
Three-stage Theory of Reading Development 
Frith (1985) and Ehri (1992) proposed a three-stage theory of reading acquisition 
which consisted of three different stages: logographic stage, alphabetic stage and 
orthographic stage. In Frith‟s (1985) three-stage theory, children start with the 
logographic stage which refers to the instant recognition of familiar word. Familiar words 
with different sequence were recognized with the same accuracy. The processing is based 
on salient graphic features of words. The three-stage model is followed by the alphabetic 
stage where letter order is crucial and important; children utilize knowledge of grapheme-
phoneme correspondence (GPC rule) to generate the phonological representation of 
words. Regular words are words that can be read accurately with GPC rule while irregular 
characters are words that cannot be read accurately with GPC rule. At the alphabetic stage, 
children demonstrated better performance in reading regular characters than irregular 
characters. The last stage is the orthographic stage which refers to the instant analysis of 
words into orthographic units without phonological conversion. Readers at this stage, 
employ a systematic approach utilizing bigger units than individual phonemes which 
ideally coincide with morphemes and the analytic skill at the orthographic stage. Readers 
segment words into larger unit such as onset and rime. They infer the phonological 
representation base on words with the same or similar orthographic information as the 
onset and the rime of the target word (give example). Goswami (1986) described this 
strategy as „orthographic analogy‟. As words that share the same spelling pattern 
(orthographic information) often share the same pronunciation (phonological information), 
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Goswami (1986) concluded that children would infer phonological information when they 
encountered words with the same orthographic information. This skill of reading was 
referred as the use of orthographic analogy in reading. Within the three-stage theory, Frith 
(1985) believed that orthographic analogy appeared at the last stage of reading.  Ehri 
(1992) further associated the three-stage theory with age. It was suggested that 
preschoolers are at their logographic stage; first and second graders are going through the 
phonological stage while orthographic stage begins in grade three.  
“Stageless” Progressive Ttheory of Reading Development 
Goswami (1986) suggested a “stageless” progressive theory of reading development. 
Through using a clue word task, she attempted to argue that children are be able to use 
orthographic analogy as young as grade one when they started to read. Grade 1 subjects 
has limited or no reading experience.  
In Goswami‟s study (1986), two words, a „clue word‟ and a target word, were 
presented to the preschool and grade 1 subjects at the same time with the clue word 
placed above the target word as shown in Figure 1. There were three types of target words: 
Analogous words which had identical spelling and pronunciation with the clue word; 
ambiguous words which had the same spelling pattern but different pronunciation with 
the clue word and unrelated words which had no common spelling pattern and 
pronunciation with the clue word. The examiner read aloud the clue word to the subjects, 
the subjects were then asked to read aloud the presented target words. The productions of 
the subjects were recorded and analyzed.  
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Figure 1.  Clue word task in Goswami‟s (1986) study 
If reading development follow the three-stage model mentioned, grade 1 subjects are 
expected to go through the alphabetic stage of the three-stage model. GPC rule should be 
well developed; regular characters should be better read than irregular characters. 
Orthographic analogy is not expected from grade 1 subjects.    
Result revealed that children in all grades employ more orthographic analogy in 
reading analogous word than ambiguous word. The least number of analogies was found 
in unrelated word in all grades. Contrary to Frith (1985) and Ehri (1992) theory, results of 
Goswami‟s (1986) experiment suggested that grade 1 children were able to do 
orthographic analogy. Goswami (1993) claimed that if beginning readers can use 
analogies based on rimes at early age.  It appears that the use of single grapheme-
phoneme correspondences follows rather than precedes the use of orthographic analogy. 
This is because reading with orthographic analogy will create error especially when 
reading ambiguous words and the use of single grapheme-phoneme correspondences 
would progressively refine the accuracy of reading.  Therefore, orthographic stage should 
not be the final stage of reading.  
 
Limitation of Goswami’s study 
Ehri & Robbins (1992) argued that children must first of all segment words both the 
clue word and the target word in the clue word task into onset and rime orthographically 
Known 
Thrown Down 
Clue word 
Print 
Known Known 
 
Ambiguous Analogous Unrelated 
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and phonologically, so that they can associate the rime and onset of words. In other words, 
children must have some grapheme-phoneme decoding skills before they can make use of 
analogy in reading. Other researchers (Savage, 1997; Savage & Stuart, 1998; Nation, 
Allen & Hulme 2001) replicated Goswami‟s (1999) clue word tasks, except that they 
provided only phonological information of the clue word with no provision of 
orthographic information. They found similar accuracy in reading in the absence of 
orthographic information, therefore, they argued that children relied on phonological 
information in the transfer of rimes rather than using orthographic analogy as it was 
claimed by Goswami(1999) .  
A number of studies (Brown & Deavers, 1999; Muter, Snowling & Taylor, 1994; 
Savage, 1997) pointed out that the clue-word paradigm actually introduced the analogy 
strategy to the participant, which in turn promotes the use of an orthographic analogical 
strategy in reading. Although the results of Goswami‟s (1999) studies demonstrated the 
employment of the orthographic analogy strategy in the clue word task, normal children 
may not develop such strategy naturally at early age and employ it in natural context. 
Goswami‟s might have overestimated the extent to which pre-school children make use of 
analogies in reading. 
Revising the discussions the two main theories on reading development of English, it 
is found that the main difference lies in the age of using different strategies and the nature 
of development. Frith (1985) and Ehri (1992) believed that the use of orthographic 
analogy should be at the last stage of reading development (Grade three) and the 
development of different strategies pre and proceed each other.  In contrast, Goswami 
(1986) believed that pre-school children were able to do orthographic analogy, while 
other reading strategies do not pre or precede one another. GPC knowledge is only 
appeared to refine reading accuracy. Ehri and Robbins (1992) believed that children must 
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have some decoding and encoding skills of GPC rule in order to segment and combine 
onset and rime and children are not able to do orthographic analogy at their early age.   
The three-stage theory and the „stageless‟ progressive theory were discussed mainly 
with alphabetic language such as English. Some researchers believed that reading 
development of non-alphabetic language such as Chinese follows the three-stage model.  
The Characteristics of Chinese Orthography and the Application of Three-stage model in 
Chinese 
Chen (1996) described that Chinese as a non-alphabetic language with no spelling-to-
sound system except that phonetic-logographic compound (形聲) and phonetic loan (假
借) characters are related with speech sound. Li (1977) estimated that approximately 80% 
of modern Chinese characters belong to phonetic-logographic compound.  A phonetic-
logographic compound consists of two components. One of them is the semantic radical 
which carries the meaning of the character and one of them is the phonetic radical, this 
carries the sound of the character.  
Chinese orthography phonology correspondences 
Orthography phonology correspondence (OPC) in Chinese characters 
Phonetic radical in the phonetic-logographic compound do not often represent the 
exact pronunciation of the character. The compounds can be classified into regular, semi 
regular and irregular characters. Regular characters are compound characters which 
pronunciations have the same onset, rime and tone with that of the corresponding 
phonetic radical (ORT). Semi regular characters are compound characters which 
pronunciations have the same onset and tone with that of the corresponding phonetic 
radical (OT). Others are irregular phonetic-logographic compound. Children demonstrate 
regularity effect when either or both regular characters and semi regular characters are 
read better than irregular characters.  
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Chen (1993) named the above script sound regularity in Chinese Orthography-
Phonology Correspondence (OPC). Researchers (Chen, 1993, Tzeng in Ho & Bryant, 
1997, Tzeng & Hung in Ho & Bryant, 1997) considered this as the counter part of GPC 
rule used in the phonological phase in alphabetic language. Analogous to the use of GPC 
rule in alphabetic reading, children using this OPC rule in Chinese are considered to be in 
the phonological stage of reading (Ho & Bryant, 1997). If reading development in 
Chinese follows the stage model, a regularity stage is expected after the logographic stage 
rather than the alphabetic stage in English.  
Orthographic analogy in Chinese characters 
With different phonetic radicals, the number of syllable that can be activated varies. 
Children associate the phonetic radical to other characters with the same phonetic radical 
and deduce the phonological representation of the target character through the 
pronunciation of the phonetic radical. There is an association of orthographic information 
(orthography of the phonetic radical) and phonological information (phonological 
representation of the family). Therefore, when children exhibit consistent effect, it reflects 
that they are using orthographic analogy suggested by Goswami (1986).  
Some researchers summarized this variation under the concept of consistency. The 
fewer syllables the phonetic radical can activate, the more consistent the family sharing 
the same phonetic radical is. For example, 廬 /lou4/, [hut] is a consistent character since 
the phonetic radical (盧) activates only one syllable. Its family which includes 爐 /lou4/, 
[fireplace], 驢/lou4/, [donkey], 顱/lou4/, [skull],  蘆/lou4/, [rushes],  鱸/lou4/, [sea 
perch]),  鸕/lou4/,[cormorant]. All of these characters share the same pronunciation. 
Another example of consistent character is 葫 /wu4/, [bottle-gourd], the phonetic radical 
activates only one syllable. Its family 蝴/wu4/, [butterfly],  湖/wu4/, [lake], 糊/wu4/, 
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[paste],  瑚/wu4/, [coral],  鬍/wu4/, [beard],  餬/wu4/, [porridge], all of these characters 
share the same pronunciation. The phonetic radical only activates more than one 
phonetic-logographic compound but only one syllable in each case.  
The more syllable one activates, the more inconsistent the family is. For example, the 
phonetic radical 隹 (zeoi1) activates 12 syllables, the characters include 崔/ceoi1/, [lofty], 
堆/deoi1/, [heap],  霍/fok3/, [quickly], 雖/seoi1/, [although], 誰/seoi4/, [who], 推/teoi1/, 
[push], 准 /waai4/, [approve],  唯 /wai4/, [only], 維 /wai1/, [maintain], 惟 /wai4/, 
[nevertheless], 錐 /zeoi1/, [gimlet], 進 /zeon3/, [enter],  准 /zeon2/, [approve], 稚 /zi6/, 
[immature].   
When consistent characters are read better than inconsistent characters, children are 
said to exhibit consistency effect. Different from employing OPC rule in reading, 
employing orthographic analogy in reading involves consideration of the phonological as 
well as orthographic information of the characters which constitute the whole family. 
Their knowledge of characters of the family affects their concept of consistency. 
Therefore, children need to build up their knowledge of families of characters before 
employing orthographic analogy accurately in reading Chinese characters. If reading 
development in Chinese follows the stage model closely, a consistency stage is expected 
after the regularity stage. 
If Chinese reading development follow closely the three-stage model, younger 
subjects in the phonological stage would demonstrate regularity effect and no consistency 
effect. Performance in reading either or both regular characters and semi regular 
characters is expected to be better than that of irregular characters. Higher grade subjects 
in the orthographic stage would demonstrate consistency effect. Performance in reading 
consistent characters is expected to be better than that of inconsistent characters.  
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If Chinese reading development agreed with the stageless progressive theory, 
orthographic analogy is expected for young subjects while other reading strategies do not 
pre or precede one another. Performance in reading consistent characters is expected to be 
better than that of inconsistent characters while not very well developed regularity effect 
would be observed.  
Study on the Application of the Three-stage model in Chinese Reading Development 
Shu, Anderson & Wu (2000) ask their children subjects to represent the pronunciation 
of 60 semantic phonetic compound characters with a phonetic alphabetic script known as 
Hanyu Pinyin. Results showed that grade 2 children were able to better represent the 
pronunciation of regular characters than irregular characters. The result indicated that 
children as young as second grade in China elementary school demonstrate regularity 
effect indicating that they are at the phonological stage. 
Ho & Bryant (1997) found that grade 2 subjects also named regular characters more 
accurately than irregular characters. They concluded that children in Hong Kong in the 
first and second grade know how to employ phonetic radical in their reading of Chinese 
characters. They suggested that beyond the logographic phase, there was also a 
phonological phase in learning to read Chinese.  
Chen (2004) investigated the use of phonology and orthographic analogy strategies in 
reading Chinese across grades. Subjects were asked to attempt character learning and a 
transfer task. In this task, subjects received eight clue characters and 16 test characters. 
Chen showed and read each clue character for the subjects. The subjects were taught to 
read all clue characters until all clue characters were read accurately. The subjects were 
then asked to read the test word without the clue characters kept in sight. There were two 
types of test characters, one type of test characters was regular characters and the other 
type of characters were consistent characters. Consistent characters were better read than 
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inconsistent characters in grade 2 children; Chen concluded that grade 2 children were 
able to perform orthographic analogy. The results of Chen‟s (2004) study generally 
supported the stage theory suggested by Frith (1985). Different from Chen‟s (2004) study,  
Chen‟s (2004) design of clue word task had promoted the use of orthographic analogy 
just as Goswami (1986) did. Moreover, Chen‟s (2004) judgment on consistency was 
based on the consistency within the groups of target words, instead of the real consistency 
within the language experience of the children. The consistency estimated in the study 
may greatly discrepant from the consistency based on the language experience of the 
children. The result of which grade 2 subjects demonstrated consistency effect might have 
over estimated. The conclusion that grade 2 student can employ orthographic analogy 
may be invalid.  
In general, the previous studies (Ho & Bryant, 1997, Shu, Anderson & Wu, 2000, 
Chen 2004) about the acquisition of reading in Chinese suggested that there are discrete 
stages in reading acquisition in Chinese. These studies suggested that phonological stage 
appears around grade 1 and 2 as they were able to demonstrate regularity effect. As 
mentioned, if Chinese reading development follows stage model, it is expected that 
consistency effect will appear after the phonological phase.  
The existence of regularity effect was insufficient to support the three-stage model 
and reject the stageless progressive theory. Children might actually already acquired 
orthographic analogy and were able to demonstrate consistency effect. If Chinese reading 
development follows stageless progressive theory, subjects employed orthographic 
analogy when they begin to read. The regularity effect detected in the previous studies 
was the employment of OPC rules for progressive refinements in reading accuracy only.  
However, the consistency effect was not studied. The possible interaction effect of 
consistency effect and regularity effect was also not investigated. In the present study, the 
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both regularity effect and consistency effect and their interaction will be measured and 
investigated.  
In alphabetic language such as English, each of the alphabets represent a phoneme, 
the orthographies has a close linkage with phonology. The same orthography linked only 
to a limited number of phonological representations. On the other hand, orthographic 
analogy always required the decoding and encoding skills of GPC knowledge in order to 
segment and combine onset and rime as suggested by Ehri & Robbin (1992). They 
believed that children are not able to do orthographic analogy at the very beginning. 
Orthographic analogy must always accompany with the GPC knowledge. The close 
linkage of GPC rule and orthographic analogy, orthography and phonology do not allow a 
separate and independent discussion of GPC rule and orthographic analogy.  
However, the orthographies and phonologies are not tightly linked. The same 
phonetic radical can be read with a variety when it is combined with other semantic 
radicals. In Chinese, children are not required to segment and combine onset and rime 
both orthographically and phonologically when doing orthographic analogy. Children 
reading Chinese are required to employ visual spatial decoding to identify the phonetic 
radical. The phonological unit in the association of phonological information of phonetic 
radicals with other characters in the family is a syllable.  No encoding and decoding is 
needed for doing orthographic analogy in Chinese. If orthographic analogy happened at 
the very beginning, it can be well detected in Chinese. When comparing Chinese and 
English, Chinese is a better ground of the study over reading development.  
If discrete stages are present in reading of Chinese, logographic stage, 
phonological stage and orthographic stage can be found. Younger subjects in 
phonological stage will use OPC rule, regularity effect but not consistent effect will 
appear in lower grade. Higher grade students in orthographic stage would utilize 
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orthographic analogy; they would demonstrate consistent effect will be accompanied by a 
diminishing regularity effect as they started to realize that phonetic radicals are not 
always reliable for reading characters. In grade 5, students will demonstrate a more 
mature stage of reading. It is expected that higher grade subjects might adopt both OPC 
rule and orthographic analogy.  This will be shown in the interaction effect of regularity 
and consistency effect.  
Method 
Subjects 
A total of 150 students from a local primary school, 35 students from each of the 
following grades: grade two, three, four and five were recruited. All students use 
Cantonese as their first language. All of them received preschool and primary school 
education in Hong Kong.   
Two screening tests were administered to exclude students with developmental 
dyslexia. Each of the 150 students were administered the short form of the Raven‟s 
standard progressive matrices (Raven, 1986), and the Hong Kong Graded Character 
Naming Test (HKCNT). Students who obtained scores between the 10
th
 and the 90
th
 
percentile in the two standardized tests mentioned above were selected to be the subjects 
of the present study. A summary of the subjects‟ age, reading ability and nonverbal 
intelligence is listed in Table 1. 
Table 1. Age, Intelligence and reading ability of the four groups of subjects 
Grade Age Raven‟s Progressive Matrices Chinese Word reading score 
 Range Mean Mean Percentile (S.D.) Mean Percentile (S.D.) 
Primary 2 7;3-8;10 7;9 56.99 (9.96) 52.88 (8.13) 
Primary 3 8;2 -9;11 8;8 53.12 (8.56) 57.53 (7.52) 
Primary 4 9;3-10;10 9;9 31.94 (8.17) 70.56 (7.47) 
Primary 5 10;2-11;9 10;9 47.04 (11.54) 73.09 (6.10) 
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Stimuli 
 In order to investigate the existence of reading stage of students across grades, 
three sets of 60 characters were selected from the Hong Kong Corpus of Primary School 
Chinese (Leung & Lee, 2002) for grade 3, 4 and 5 respectively. The characters selected 
were based on their frequency of occurrence, regularity and consistency, in the respective 
grade.  
 Frequency in the respective grade is the cumulated frequency of occurrence of the 
characters in the respective grade to represent the total exposure of the children to 
Chinese characters since the start of primary school education. The characters in the 
corpus were categorized to high, mid and low frequency. All characters were sorted 
according to their cumulative frequencies. The highest one third of the characters were 
categorized as high, the middle one third as mid and the lowest one third as low 
frequency. Previous study (Fang, Horng & Tzeng (1986) showed that high frequency 
characters showed no regularity effect and it is believed that the high frequency words are 
recalled as a whole through memory. As a result their accuracy pattern may not be able to 
reflect the employment of sub-character components during reading.  Therefore, the 
current study selected only low frequency characters to reflect the employment of sub-
character components in reading.  
 Character selected are classified into first, regular where characters have the same 
pronunciation with its phonetic radical, second, semi regularity where characters have the 
same onset and rime with its phonetic radical and third, irregular character where 
characters have different onset, rime and tone with its phonetic radicals.. 
 Characters with the same phonetic radical may be read differently. The number of 
different pronunciation of characters sharing the same phonetic radical determines the 
consistency. Fang, Horng & Tzeng (1986) suggested that the consistency of a specific 
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character should be measured as the ratio of the size of the phonological group to the size 
of the whole activation neighborhood. In other words, Fang et al. (1986) were using type 
ratio. However, the consistency of a character would be influenced by the token 
frequency of a specific character. If the associated phonological group of a target 
character has a few members that are unfamiliar to primary school children, these 
unfamiliar members of the phonological group would have no or little consistency effect 
on primary school children. Taking the children‟s token frequency of character into 
consideration, it is proposed that consistency of individual character be represented by the 
ratio of the total frequency of characters which resemble the same phonetic radical and 
speech sound with the target word to the total frequency of characters resemble the same 
phonetic radical. When Shu et al. (2003) examined school Chinese, they also suggested 
that token frequency be included in the definition of consistency as the consistency value 
should correspond to the children‟s reading experience more.  
 The consistency in the present study is the ratio of the total frequency of 
characters with the same pronunciation in the family to the total frequency of the 
characters in the family. Consistency calculated in this method was ranged from 0 <x≤ 1. 
Characters with consistency at the higher end (towards one) of the continuum were 
considered as consistent characters, while those at the lower end (towards zero) of the 
continuum were considered as inconsistent characters.  
Three levels of regularity levels times two levels of consistency, yields six types 
of characters.  They included regular-consistent (RC), regular-inconsistent (RIC), semi 
regular-consistent (SRC), semi regular-inconsistent (SRIC), irregular-consistent (IRC) 
and irregular-inconsistent (IRIC). Ten characters were selected from the corpus for each 
type of characters. A total of 60 characters were selected for each grade. Four lists of 60 
characters were generated for the four grades involved in the study.  
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Stimuli were randomized and printed in black using the Sun1 Sai3 Ming4 Tai2 新
細明體 font, sized 48.  
Procedures 
 The data collection was carried out individually in a classroom of the school the 
participants studied. The task was administered to 133 subjects. Each subject was asked 
to read aloud the 60 characters selected for the respective grade. The subjects were 
instructed to read as many as possible. They were encouraged to try when they 
encountered unfamiliar characters but not guess. The productions of the subjects were 
audio-taped and recorded online in a scoring form. A total of 7980 productions were 
collected.  
Measurement 
 One mark was given for correct response while zero was marked for no response 
and incorrect production. The marks were double checked with the audiotape, incorrect 
response was analyzed for the error type.  
Design and Analysis 
As different sets of stimuli were used in different grades to get a better control 
over the frequency and consistency of characters chosen, mean scores of different grades 
were analyzed separately. The mean score of the six conditions of each subject were 
calculated. In each grade, the mean scores were entered into a 3x2 two-way ANOVA with 
repeated measure. In the present study, regularity and consistency were the two within 
group factors. Regularity consisted of three levels, namely, regular, semi regular and 
irregular. Consistency consisted of two levels, consistent and inconsistent.  
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Result and Analysis 
In order to study the developmental trend of primary school students‟ reading of Chinese 
characters, the mean read aloud scores of the six types of characters were calculated. 
Table 2 shows the overall score, the standard deviation and the mean score in different 
regularity and consistency across grades.  
Table 2.  Mean percentage correct of the subjects‟ performance in different regularity and 
consistency levels.  
 
Grade 2 
A 2-way (3x2) ANOVA with repeated measure was done. Result revealed a 
significant main effect of regularity in grade 2 (F(2, 24)=9.8521, p<0.001). Tukey HSD 
post hoc test revealed that grade 2 subjects performed significantly better in reading 
regular characters and semi regular characters than that in irregular characters (t<0.05). 
No significant consistency main effect was found in grade 2 (F (1, 12) =1.3171, p>0.05) 
in which grade 2 subjects performed similarly in the 2 consistency conditions. It agrees 
with the prediction based on the three-stage model, phonological stage appears in grade 2.  
 Percentage score Mean percentage score (%) 
   Regularity 
Grade Mean  (S.D.)   Regular Semi 
regular 
Irregular 
grade 2 38.33% (2.15) Consistency 
 
Consistent 45.4% 50.0% 23.1% 
  Inconsistent 33.8% 42.3% 35.4% 
grade 3 51.33% (2.05) Consistent 64.0% 53.7% 56.0% 
  Inconsistent 44.6% 36.3% 53.4% 
grade 4 61.43% (1.76) Consistent 74.6% 68.6% 58.0% 
  Inconsistent 58.3% 56.6% 52.6% 
grade 5 57.81% (1.93) Consistent 67.4% 62.0% 53.1% 
  Inconsistent 42.0% 64.6% 57.7% 
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Grade 3 
Significant consistency main effect was found only in grade 3 (F (1, 34) =66.574, 
p<0.00001). Tukey HSD post hoc test showed that mean scores of consistent characters 
were always significantly (p<0.05) higher than that of inconsistent characters in grade 3. 
Significant interaction effect between regularity and consistency in grade 3 (F (2, 
68) = 8.5308, p<0.001) was found. Tukey HSD post hoc test revealed that grade 3 
subjects demonstrated no significant (p>0.05) consistency effect was observed in the 
irregular condition. Significant consistency effect was found (p<0.001) when reading 
characters in regular and semi regular condition, the mean score of consistent characters 
were higher than that of inconsistent characters in the regular and semi regular condition. 
Regular characters scored significantly higher than semi regular characters and irregular 
characters when the character are consistent (p<0.05) regularity effect was found in 
consistent characters. Figure 2 showed that regularity effect was significant only in 
consistent condition.  
 
Figure 2 Interaction between regularity and consistency in grade 3 
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Grade 4 
Result revealed a significant main effect of regularity in grade 4 (F(2, 68)=12.408, 
p<0.001) Tukey HSD post hoc test revealed that 4 subjects performed significantly better 
in reading regular characters and semi regular characters than that in irregular characters 
(t<0.05). Significant consistency main effect was found only in grade 4 (F (1, 34) =45.670, 
p<0.00001). Tukey HSD post hoc test showed that mean scores of consistent characters 
were always significantly (p<0.05) higher than that of inconsistent characters in grade 4. 
Significant interaction effect between regularity and consistency in grade 4 (F (2, 
68) = 3.2391, p<0.05) was found. The interaction was further investigated by using the 
Tukey HSD post hoc test. In grade 4, Tukey HDS post hoc test showed similar pattern as 
grade 3. Under the consistent condition, grade 4 subjects demonstrated significant 
regularity effect (p<0.001), performance was significantly better in regular characters 
followed by semi regular characters and then irregular characters.  No significant (p>0.05) 
regularity effect was found in inconsistent condition. Figure 3 showed that regularity 
effect was significant only in consistent condition.  
 
Figure 3 Interaction between regularity and consistency in grade 4 
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Grade 5 
Significant consistency main effect was found only in grade 5 (F (1, 34) =8.9421, 
p<0.001). Tukey HSD post hoc test showed that mean scores of consistent characters 
were always significantly (p<0.05) higher than that of inconsistent characters in grade 5. 
 Significant interaction effect between regularity and consistency in grade 5 (F (2, 
68) = 27.248, p<0.00001) was found. The interaction was further investigated by using 
the Tukey HSD post hoc test. Tukey HDS post hoc test revealed that grade 5 student 
demonstrated significant (p<0.05) consistency effect only in regular condition. Under 
regular condition consistent characters performed significantly better than inconsistent 
characters. Similar to grade 3 and 4, significant (p<0.001) regularity effect was found 
only consistent condition in grade 5. Grade 5 students performed better in regular 
characters and semi regular characters than irregular characters under consistent condition. 
Figure 4 showed that regularity effect was significant only in consistent condition.  
 
 
Figure 4 Interaction between regularity and consistency in grade 5 
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Error analysis 
From the interaction effect analyzed above, it is possible that consistency effect 
dominant over regularity effect in Grade 3, 4 and 5. By doing error analysis for each 
grade, it provides more information for the underlying principle for the performance of 
each grade and the competition of OPC rule and orthographic analogy during reading. 
Since the ANOVA analysis demonstrated that grade 3, 4 and 5 subjects utilized both 
consistency and OPC rule, it is expected that they would demonstrate more consistency 
error and regularity error than the other errors. On the other hand, since consistency effect 
dominant over regularity effect, it is expected that that more consistency error than 
regularity error will be found in grade 3, 4 and 5 subjects.  
Incorrect productions were analyzed; these productions were categorized into no 
response, consistency error, regularity error, neighborhood errors, visual errors, tonal 
errors, semantic relation errors, combined errors, error in recognition of phonetic radical 
and others. Percentage of each type of error in each condition against the total number of 
incorrect response in that condition was calculated. Error produced in regular condition is 
not used for discussion; since it is not possible for subjects to make any regularity errors 
in the two categories under regular condition, the error pattern will favor all other types of 
error.    
  Among all errors, excluding „no response‟, either consistency or regularity errors 
dominated the incorrect productions in all conditions in grade 3, 4 and 5. Consistency 
error referred to error production of any members within family of the target character 
except the phonological representation of its phonetic radical. Regularity error was only 
restricted to error production of the phonological representation of the phonetic radical of 
the target character.  
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Table 3. Error analysis of Grade 3  
Error RC% RIC% SRC% SRIC% IRC% IRIC% 
No Response 54.69  59.69  54.44  42.04  38.96  39.13  
Consistency 15.63  22.51  12.43  26.55  20.13  19.88  
Regularity 0.00  0.00  24.85  18.14  21.43  19.88  
Neighborhood 0.00  0.00  0.00  0.44  2.60  3.73  
Neighborhood2 1.56  0.00  0.59  4.87  0.65  0.00  
Visual 3.13  6.28  0.00  3.10  3.25  1.24  
Tone 4.69  2.09  2.96  0.88  0.65  1.24  
Semantic relation 7.81  0.00  1.18  0.00  2.60  4.35  
Combine 1.56  1.05  0.59  0.00  0.65  1.24  
Recognition of 
phonetic radical 0.78  0.00  0.00  0.44  0.65  0.00  
Others 10.16  8.38  2.96  3.54  8.44  9.32  
 
 Table 4. Error analysis of Grade 4 
Error RC% RIC% SRC% SRIC% IRC% IRIC% 
No Response 57.65  49.32  30.91  36.84  44.22  29.81  
Consistency 0.00  31.51  3.64  15.79  4.08  35.40  
Regularity 0.00  0.00  40.91  23.68  27.21  11.18  
Neighborhood (T1) 20.00  0.68  1.82  1.97  11.56  9.32  
Neighborhood (T2) 9.41  0.00  1.82  5.92  0.68  1.24  
Visual 0.00  0.68  1.82  1.97  0.68  1.86  
Tone 3.53  4.11  6.36  1.32  1.36  1.24  
Semantic relation 1.18  1.37  2.73  1.32  0.68  1.24  
Combine 0.00  1.37  0.91  0.00  3.40  3.11  
Recognition of 
phonetic radical 1.18  2.05  0.91  0.66  0.00  0.62  
Others 7.06  8.90  8.18  10.53  6.12  4.97  
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Table 5. Error analysis of Grade 5 
Error RC% RIC% SRC% SRIC% IRC% IRIC% 
No Response 79.82  48.30  48.61  37.90  54.27  36.73  
Consistency 5.26  28.41  9.72  20.16  11.59  25.17  
Regularity 0.00  0.00  31.25  16.13  21.95  17.69  
Neighborhood 0.00  2.27  0.69  2.42  1.22  0.68  
Neighborhood2 0.00  0.00  0.00  3.23  0.00  6.80  
Visual 0.88  2.84  0.69  4.03  0.61  3.40  
Tone 9.65  8.52  4.17  3.23  1.22  0.00  
Semantic relation 0.00  2.84  1.39  4.03  0.61  1.36  
Combine 2.63  0.57  0.00  0.00  1.83  0.68  
Recognition of 
phonetic radical 0.00  0.00  0.00  2.42  0.00  0.00  
Others 1.75  6.25  3.47  6.45  6.71  7.48  
 
Table 3, 4 and 5 reveal the error pattern of grade 3, 4 and 5 students. It revealed 
that under consistent condition, more regularity errors were found while more consistency 
errors were found in inconsistent condition. This pattern is similar across grade 3, 4 and 5.  
 From another perspective, comparable percentage of consistency and regularity 
errors were found in Semi regular condition in grade 3 and 5. Regularity errors dominated 
in semi regular condition in grade 4. In irregular condition, comparable percentage 
consistency and regularity errors were found in irregular condition in grade 3, 4 and 5. 
There is generally no error pattern difference in different regularity condition except 
grade 4.  
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Discussion  
 Reading development of school aged children was investigated at character level 
in the present study. Grade 2 subjects showed no consistency effect but regularity effect 
indicating that they utilized mainly OPC rule in generating phonological representation 
from the character when they read.  
In contrast, Grade 3 subjects demonstrate both regularity effect and consistency 
effect indicating that they are able to utilize orthographic analogy information in reading 
aloud Chinese character and regularity rule was not less consistently applied when 
compared with grade 2 subjects. 
Subjects in grade 4 utilized also both OPC rule and orthographic analogy. 
Performance was the best in regular condition, followed by semi regular condition and 
then irregular condition. Grade 4 subjects showed similar reading strategies as grade 3 
subjects. The result indicated grade 4 subjects utilized both OPC rule and orthographic 
analogy.  
Grade 5 subjects demonstrated regularity effect in consistent condition. On the 
other hand, they also showed consistency effect. Grade 5 subjects showed both 
consistency effect but regularity effect indicating that they utilize both OPC rule and 
orthographic analogy.  
Findings in the Present study are Consistent with Previous Chinese studies 
 The results of the present study revealed that grade 2 subjects are consistent to 
previous studies in Chinese character reading. As mentioned in the introduction session, 
Siok & Fletcher (20010; Ho & Bryant, (1997) found regularity effect in grade 2 student in 
reading Chinese characters. Moreover, results of the present study show that that there is 
no consistency effect in the reading of grade 2 subjects indicating that they are not 
utilizing the orthographic analogy.  
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Transition was found Between Grade 2 and Grade 3 
In contrast to grade 2 subjects, grade 3 subjects demonstrated a different pattern. 
Grade 3 subjects demonstrated consistency effect in which it is not found in grade 2 
subjects of the present study. Moreover, consistency effect was consistently found in 
grade 4 and 5 subjects. Therefore, a transition period seems to occur between grade2 and 
grade 3 subjects.  
Consistency effect was not found in younger subjects in the present study. In 
comparison to OPC rule, children need a lot more exposure to learn about the family of 
characters before they can utilize the orthographic analogy. Therefore, OPC rule is 
mastered before orthographic analogy. In other words, regularity effect appears before 
consistency effect.  
Ho & Bryant (1997) concluded that the phonological stage is present and is 
succeeding the logographic stage. The present study intended to study also the stages 
beyond that. Result revealed that a transition happened between grade 2 to and grade 3 
after the phonological stage they previously described.  
Chinese Reading Development follows Three-stage model 
 Base on the result and discussion above, grade 2 subjects used OPC rule but not 
orthographic analogy, grade 2 subjects were in the phonological stage. Grade 3, 4 and 5 
used OPC rule and also orthographic analogy, grade 3, 4 and 5 subjects were in the 
alphabetic stage. This result revealed that Chinese reading development followed the 
three-stage theory suggested by Frith (1985).  
Emergence of New skill rather than Replacement of Stages in Reading Development 
Traditional view on stage theory believed that children use only one of the rules or 
information in processing, either orthographic analogy or OPC rule. Children stepping in 
to another stage utilize completely another skill in reading. However, using multiple rules 
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in the same stage is possible and open to question, this issue was not considered or 
noticed in the previous studies. The present study revealed a different phenomenon. 
Orthographic analogy was employed by grade 3, 4 and 5 subjects as shown from 
the consistency main effect. Regularity effect was also found in these 3 grades, regularity 
main effect was found in grade 4 while grade 3 and 5 subjects demonstrated regularity 
effect only in consistent condition. The result revealed that children do not simply discard 
previous skills and employ new skill. They consider both previous and new skills, OPC 
rule and orthographic analogy, during reading. Therefore, the result provided a support to 
a different point of view, reading development is not a replacement of skill or stage; 
rather, it is an emergence of new skill. Children utilize both previous skill and new skill 
during reading processing.  
Consistency effect Dominant over Regularity effect in Chinese Character Reading 
Across grade 3, 4 and 5, interaction effect was significant, similar pattern of 
interaction effect was found in the 3 grades. Means plot (Figure 2, 3 and 4) of interaction 
effect for grade 3, 4 and 5 showed that consistency effect diminished from regular 
condition towards irregular condition. In irregular condition, no consistency effect was 
observed; orthographic analogy was not employed by the subjects. On the other hand, 
regularity effect diminished in inconsistent condition, regularity effect only significant in 
the consistent condition. In inconsistent condition, regularity rule appeared to be 
suppressed, no regularity effect was observed. In another perspective, it is hypothesized 
that OPC rule might be used more frequently in consistent condition when compare to 
inconsistent condition. Some other skills might be adopted in inconsistent condition. The 
hypothesis can be further verified in error analysis in the next session.  
Post hoc test revealed that regularity main effect observed in both grade 3 and 5 
was not very stable, performance in reading regular characters were similar to irregular 
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characters. However, when only consistent condition is considered, regularity effect was 
significant and stable in all three grades. Characters with higher regularity often yielded a 
significantly higher mean score than that of irregular words. While regularity effect was 
suppressed in inconsistent condition and significant consistency main effect was found in 
both grade 3 and 5 subjects, unstable regularity effect may be caused by the fact that 
consistency effect suppressed regularity main effect. Among OPC rule and orthographic 
analogy, the present studied showed that orthographic analogy dominated over OPC rule 
during processing in grade 3 and 5 subjects. It is hypothesis that children in grade 3 and 5 
will first make use of orthographic analogy when they encounter low frequency or 
unfamiliar characters. The hypothesis can be further verified in error analysis in the next 
session.  
 In analyzing according to consistency conditions, it demonstrated that grade 3, 4 
and 5 subjects made use of different strategies when encountering characters of different 
consistency. OPC rule was better utilized in consistent condition while orthographic 
analogy was better utilized in inconsistent condition. There was no difference in error 
pattern across different regularity conditions. The result of error pattern analysis 
coincided with the findings discussed above. Based on the analysis, it is hypothesized that 
children might base on the consistency information of the character to make decision of 
the use of strategy. Otherwise, if subjects tended to stress more on OPC rule during 
processing, different error pattern will be found for different regularity conditions.  
Conclusion 
Grade 2 subjects were able to demonstrate regularity effect but no consistency 
effect, they employed OPC rule but not orthographic analogy, grade 2 in the phonological 
stage. Grade 3, 4 and 5 subjects were able to demonstrate regularity effect and 
consistency effect; they employed OPC rule and orthographic analogy, grade 3, 4 and 5 in 
28 
the orthographic stage. The transition from phonological stage to orthographic stage was 
found between grade 2 and 3. The present study demonstrated that Chinese reading 
development do follow a three-stage model. 
 Results seem to suggest that the development is an emergence of new skill rather 
than a replacement of stage or skill. On the other hand, the present study also 
demonstrated an interaction of regularity and consistency effect. Within the interaction, 
consistency effect dominant over regularity effect. This suggested that orthographic 
analogy is more frequently employ than OPC rule.  
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Appendix 
List of Stimuli for Grade 2, 3, 4 and 5 
Table A1. Stimuli for grade 2 
Regular/ 
Consistent 
Regular/ 
Inconsistent 
Semi 
regular/ 
Consistent 
Semi 
regular/ 
Inconsistent 
Irregular/ 
Consistent 
Irregular/ 
Inconsistent 
蘭 沾 溜 枱 廁 鴕 
欄 販 違 梅 凋 痕 
銅 估 咖 霉 骯 刮 
睬 釘 蛀 洽 蕩 堵 
瘤 側 爛 胎 捕 稚 
裂 蛹 嘗 飽 狠 鳳 
咧 碼 娥 喊 渾 艱 
嚨 鹹 哦 旺 痰 詩 
棋 寞 蛾 瓷 摩 署 
芒 翻 絆 咐 鍊 租 
 
Table A2. Stimuli for grade 3 
Regular/ 
Consistent 
Regular/ 
Inconsistent 
Semi 
regular/ 
Consistent 
Semi 
regular/ 
Inconsistent 
Irregular/ 
Consistent 
Irregular/ 
Inconsistent 
猿 嘛 咖 褸 蕩 柴 
醃 唔 餾 逞 痰 烘 
淹 秧 哦 皎 籌 敍 
棋 鑲 蛾 狡 劉 呈 
旗 蛹 娥 杧 沸 胡 
螃 鞍 寓 訂 銷 孕 
茱 磚 絆 悟 渾 略 
螢 捲 飪 輔 摩 鳳 
褐 悠 恭 翡 魔 彼 
芒 估 譏 胎 壤 濟 
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Table A3. Stimuli for grade 4 
Regular/ 
Consistent 
Regular/ 
Inconsistent 
Semi 
regular/ 
Consistent 
Semi 
regular/ 
Inconsistent 
Irregular/ 
Consistent 
Irregular/ 
Inconsistent 
迴 妮 斧 褸 腺 遏 
凰 嘛 噸 逞 蹄 墮 
蘆 胞 鋸 忌 渣 稚 
顱 炸 覆 鄧 猾 匙 
煌 鑲 蔭 妄 儒 頗 
惶 蛹 詠 翡 裙 砲 
驢 椎 嬉 杧 鍊 刨 
蝗 錐 倡 皎 溉 誦 
鬍 唔 饑 狡 慨 儉 
瑚 蚣 譏 雌 漬 鯨 
 
Table A4. Stimuli for grade 5 
Regular/ 
Consistent 
Regular/ 
Inconsistent 
Semi 
regular/ 
Consistent 
Semi 
regular/ 
Inconsistent 
Irregular/ 
Consistent 
Irregular/ 
Inconsistent 
濘 嘛 餾 伺 腕 銳 
淇 嶄 咖 忌 荀 儉 
琪 帛 檀 逞 殉 霍 
擂 蛹 寓 翡 蹈 匙 
鐳 娶 飪 鄧 蠕 跛 
喂 閣 叛 瓷 儒 頗 
茱 錐 汲 褸 賑 鶯 
廝 椎 鍵 賤 蹄 咭 
搪 蚣 嘰 妄 祠 裕 
鎢 碑 譏 俸 秘 劈 
 
